Summary Background In the international, phase III, randomized, double-blind CORRECT trial, regorafenib significantly prolonged overall survival (OS) versus placebo in patients with metastatic colorectal cancer (mCRC) that had progressed on all standard therapies. This post hoc analysis evaluated the efficacy and safety of regorafenib in Japanese and non-Japanese subpopulations in the CORRECT trial. Methods Patients were randomized 2 : 1 to regorafenib 160 mg once daily or placebo for weeks 1-3 of each 4-week cycle. The primary endpoint was OS. Outcomes were assessed using descriptive statistics. Results One hundred Japanese and 660 non-Japanese patients were randomized to regorafenib (n=67 and n=438) or placebo (n=33 and n=222). Regorafenib had a consistent OS benefit in the Japanese and nonJapanese subpopulations, with hazard ratios of 0. 
Introduction
Colorectal cancer (CRC) is the second most common cancer in Japan, with estimated age-standardized incidence and mortality rates of 32.2 and 11.9 per 100,000 population, respectively, in 2012 [1] . An estimated 1.4 million new cases of CRC occur worldwide each year, with almost 700,000 deaths attributed to the disease, resulting in CRC being one of the most important malignancies in the world [1] .
More than 40 % of patients in Japan have locally advanced or metastatic CRC (mCRC) at diagnosis [2] , for which standard therapy generally consists of chemotherapy based on a fluoropyrimidine plus either oxaliplatin or irinotecan, combined with anti-vascular endothelial growth factor (VEGF) therapy such as bevacizumab or ziv-aflibercept. Patients with KRAS wild-type tumors also receive cetuximab or panitumumab [3] [4] [5] . However, until recently, no further options were available for patients whose disease progressed on available standard therapies.
Regorafenib is an orally administered multikinase inhibitor that blocks the activity of a number of protein kinases associated with angiogenesis (VEGF receptors 1-3 and TIE2), oncogenesis (KIT, RET, RAF1, BRAF, and BRAF V600E) and the tumor microenvironment (platelet-derived growth factor receptor and fibroblast growth factor receptor) [6] . The international multicentre, phase III CORRECT (patients with metastatic COloRectal cancer treated with REgorafenib or plaCebo after failure of standard Therapy) trial compared regorafenib with placebo in patients with mCRC that had progressed on all available standard therapies or who were unable to tolerate standard therapies [7] . On the basis of the results of CORRECT, regorafenib was approved for the treatment of mCRC that has progressed on standard therapy by the US Food and Drug Administration in September 2012 [8] , by the Japanese Ministry of Health, Labor, and Welfare in March 2013 [9] , and by the European Medicines Agency in August 2013 [10] .
CORRECT met its primary endpoint at a planned, formal interim analysis, with an overall survival (OS) hazard ratio (HR) for regorafenib versus placebo of 0.77 (95 % confidence interval [CI] 0.64-0.94; one-sided p = 0.0052) [7] . Progression-free survival (PFS) was also significantly greater in the regorafenib group than in the placebo group (HR 0.49, 95 % CI 0.42-0.58; one-sided p<0.0001). Furthermore, regorafenib showed OS and PFS benefit in both KRAS-wild-type and KRAS-mutant tumor subgroups [7] .
Previous trials of kinase inhibitors have shown differing adverse-event profiles in Japanese and non-Japanese patients. Subpopulation analyses of two international phase III studies comparing axitinib versus sorafenib and everolimus versus placebo in patients with metastatic renal cancer showed that Japanese patients had higher rates of several adverse events, including hand-foot skin reaction (HFSR), than the overall trial population [11, 12] . Therefore, it was felt to be important to investigate the safety and efficacy profile of regorafenib in Japanese and non-Japanese patients in the CORRECT trial.
This post hoc analysis was conducted to assess the efficacy, safety, population pharmacokinetics (PK), and quality-of-life (QoL) effects of regorafenib in the Japanese and non-Japanese subpopulations in the CORRECT trial. In addition, the potential relationship between patients' baseline body size and the occurrence of regorafenib-associated adverse events was assessed.
Materials and methods
CORRECT was a phase III, randomized, double-blind, placebo-controlled trial involving 114 centers in 16 countries. Eligibility criteria, treatment schedule, endpoints, and statistical analysis criteria have been reported in detail previously [7] . Included patients were aged at least 18 years and had mCRC that had progressed during or within 3 months after the last dose of all available standard therapies for mCRC. Patients were randomized 2 : 1 to receive regorafenib 160 mg or placebo once daily for weeks 1-3 of each 4-week cycle, in combination with best supportive care. The primary endpoint of the trial was OS (time from randomization to death from any cause), while secondary efficacy endpoints included PFS (time from randomization to first radiological or clinical progression or death from any cause), objective response rate (ORR), and disease control rate (DCR). Safety, healthrelated QoL, and PK were also assessed. The trial required 582 deaths for the final analysis. The first formal interim analysis, to assess futility, was conducted when approximately 30 % of the expected total number of deaths had occurred. The second interim analysis, at about 70 % of the total expected deaths, evaluated both efficacy and futility. Monitoring boundaries were based on prespecified O'Brien-Fleming-type stopping boundaries. The primary and secondary efficacy time-to-event endpoints for the overall population were analyzed using a one-sided log-rank test stratified by the same stratification factors as at randomization. The trial was registered at ClinicalTrials.gov, identifier NCT01103323.
Post hoc subpopulation analyses performed for Japanese and non-Japanese patients presented here were descriptive in nature, using Kaplan-Meier (KM) estimates and KM curves to analyze time-to-event parameters, such as OS and PFS. HR estimates with 95 % CIs were determined on the basis of an unstratified Cox regression model. For the subpopulation analyses, a HR (regorafenib over placebo) of less than 1 suggested a beneficial effect favoring regorafenib, whereas a HR of greater than 1 suggested an effect favoring placebo.
Health-related QoL was measured using the cancerspecific European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire core-30 (QLQ-C30) [13] , and the general-health EuroQol 5-dimension (EQ-5D) health utility index and visual analog scale (VAS) [14] . An analysis-of-covariance model was used to examine the time-adjusted area under the curve (AUC) of the EORTC QLQ-C30 global health status, EQ-5D health utility index, and EQ-5D VAS scores, with least-squares (LS) mean time-adjusted AUCs and 95 % CIs estimated for each treatment group and for the difference between treatment groups. QoL outcomes were also compared using descriptive statistics.
Blood samples for PK analysis were collected on day 15 of cycle 1 before administration of study drug, 2-4 h after administration, and 5-10 h after administration. The PK of regorafenib and its pharmacologically active metabolites, M2 (N-oxide metabolite) and M5 (N-oxide/N-desmethyl metabolite), were analyzed using a population PK model based on data collected during earlier studies of regorafenib. Regorafenib and metabolite PK data were pooled with concentration data from other studies of regorafenib monotherapy and analyzed using non-linear mixed-effects modeling. PK data were evaluated with historical data, without formal statistical analysis.
Results

Patient demographics and baseline disease characteristics
Results are based on the planned, formal interim analysis database, considered the final formal and definitive results, where the CORRECT trial met its primary endpoint showing that the regorafenib group had a statistically significant improvement in OS compared with placebo. A total of 933 nonJapanese patients were screened for inclusion at 95 centers in 15 countries between 30 April 2010 and 22 March 2011; of these, 660 patients were randomized to treatment with regorafenib (n=438) or placebo (n=222), while 656 received at least one dose of study treatment and were included in the safety population (regorafenib n=435, placebo n=221). The ethnicity of the non-Japanese subpopulation consisted of 593 white, 14 black or African American, 11 non-Japanese Asian, and 42 other or not reported. A total of 119 Japanese patients were screened for inclusion at 19 centers in Japan between 17 November 2010 and 10 February 2011; of these, 100 patients were randomized to treatment with regorafenib (n=67) or placebo (n=33), while 97 received at least one dose of study treatment and were included in the safety population (regorafenib n=65, placebo n=32). The flow of patients in the Japanese subpopulation through the trial is shown in Online Resource 1 (Fig. S1 ).
In general, the baseline characteristics of the Japanese subpopulation were similar to those of the non-Japanese subpopulation (Table 1) , with the exception of lower median bodyweight, lower median body-mass index (BMI), and a slightly greater proportion of patients with an Eastern Cooperative Oncology Group (ECOG) performance status of 0 in the Japanese subpopulation than in the non-Japanese subpopulation.
Treatment
Drug exposure in Japanese and non-Japanese subpopulations is shown in Table 2 . The mean±standard deviation (SD) overall duration of regorafenib treatment (including time off drug and dose interruptions) was 10.3±7.9 weeks (median 7.3; range 0.3-28.9) in the Japanese subpopulation and 12.3± 10.0 weeks (median 7.3; range 0.3-47.0) in the non-Japanese subpopulation. The mean±SD daily dose of regorafenib was 142.2±20.2 mg (median 152.7; range 91.1-160.0) and 147.9 ±18.3 mg (median 160.0; range 85.7-160.0), respectively.
Mean±SD regorafenib dose intensity, defined as the proportion of planned dose received, was 69.3±21.2 % (median 71.4; range 9.5-100.0) in the Japanese subpopulation and 80.4±19.3 % (median 83.3; range 9.5-114.3) in the non-Japanese population.
Regorafenib dose modifications due to drug-associated adverse events were more frequent in the Japanese than in the non-Japanese subpopulation, being reported in 84.6 and 51.3 % of patients, respectively. Rates of regorafenib discontinuation due to drug-associated adverse events were higher in the Japanese than in the non-Japanese subpopulation, but still low in both subpopulations (13.8 and 7.4 %, respectively).
Drug exposure in the Japanese and non-Japanese subpopulations receiving placebo (in terms of overall duration of treatment, actual daily dose, dose intensity, and discontinuation due to drug-related adverse events) was similar.
Efficacy
The HR for OS in the regorafenib group vs placebo was 0.81 (95 % CI 0.43-1.51) in the Japanese subpopulation and 0.77 (95 % CI 0.62-0.94) in the non-Japanese subpopulation, with (Fig. 1a and  c) . The median OS in the regorafenib group was 6.6 months (range 0.2-7.5) in the Japanese subpopulation and 6.2 months (range 0.2-13.2) in the non-Japanese subpopulation, while median OS in the placebo group was 7.0 months (range 0.03-7.5) in the Japanese population and 4.9 months (range 0.4-13.6) in the non-Japanese subpopulation.
In both the Japanese and the non-Japanese subpopulations, PFS was greater in regorafenib-treated patients than in placebo recipients, with HRs of 0.47 (95 % CI 0.30-0.74) and 0.50(95 % CI 0.42-0.60), respectively ( Fig. 1b and d) . The median PFS in regorafenib recipients was 1.9 months (range 0.03-5.7) in the Japanese subpopulation and 1.9 months (range 0.03-11.1) in the non-Japanese subpopulation, while median PFS in the placebo groups was 1.7 months (range 0.03-5.2) and 1.7 months (range 0.03-9.1) in the Japanese and non-Japanese subpopulations, respectively.
In the regorafenib group, DCRs of 40 and 41 % were observed in the Japanese and non-Japanese subpopulations, respectively, compared with 15 % in both Japanese and nonJapanese subpopulations in the placebo group. Overall response was similar in the regorafenib and placebo groups, with ORRs of 2 and 1 % reported in the regorafenib-treated Japanese and non-Japanese subpopulations, respectively, consisting of partial responses in one Japanese patient and four non-Japanese patients. Among placebo recipients, no responses were reported in the Japanese subpopulation and one partial response (<1 %) was reported in the non-Japanese subpopulation. Reduction in tumor volume from baseline was observed in 33 % and 27 % of the regorafenib-treated Japanese and non-Japanese subpopulations, respectively. Changes in target lesion size in the Japanese and non-Japanese subpopulations are shown in Fig. 2 .
Safety
In the Japanese and non-Japanese subpopulations, treatmentrelated adverse events of any grade were observed in 99 and 92 % of regorafenib-treated patients, respectively, and in 59 and 61 % of placebo recipients, respectively (Table 3) . Grade 3 or greater treatment-associated adverse events were reported in 80 and 51 % of regorafenib-treated patients, respectively, and 22 and 13 % of placebo recipients, respectively. No clear relationship was found between the incidence of regorafenibassociated adverse events and baseline BMI in the Japanese and non-Japanese subpopulation (Table 4) .
Regorafenib-associated adverse events of any grade occurring at a rate at least 20 % greater in the Japanese subpopulation than in the non-Japanese subpopulation were HFSR (80 vs 42 %), hypertension (60 vs 23 %), proteinuria (40 vs 2 %), thrombocytopenia (39 vs 9 %) and lipase elevations (25 vs 2 %). In contrast, the incidence of diarrhea was lower in the Japanese subpopulation than in the non-Japanese subpopulation (any grade: 22 vs 36 %; grade ≥3: 2 vs 8 %).
Serious drug-associated adverse events were reported in 9 and 12 % of the regorafenib-treated Japanese and non- Japanese subpopulations, respectively, compared with 9 and 3 % of the Japanese and non-Japanese subpopulation receiving placebo, respectively. The most frequent regorafenibassociated serious adverse event in the Japanese subpopulation was anorexia, reported in three patients (5 %).
Regorafenib-associated liver function adverse events were reported more frequently in the Japanese subpopulation than in the non-Japanese subpopulation, although the incidence of grade 3-4 liver events was low in both subpopulations. Alanine aminotransferase (ALT) elevations were reported in 12 % and fewer than 1 % of the regorafenib-treated Japanese and non-Japanese subpopulations, respectively, aspartate aminotransferase (AST) elevations in 19 and 2 %, respectively, and bilirubin elevations in 15 and 8 %, respectively. One case of lethal liver dysfunction related to regorafenib was observed in the Japanese subpopulation. The patient was a 62-year-old man with liver metastases and an ECOG performance status of 0 at trial entry. Forty-three days after starting regorafenib treatment, the patient presented with grade 3 jaundice and grade 2 liver dysfunction, and regorafenib treatment was permanently discontinued the following day. Laboratory test results showed elevated alkaline phosphatase (634 U/L; local laboratory range not provided), total bilirubin (7. ; range not provided). The patient's hepatitis status was confirmed as negative. The severity of liver dysfunction increased to grade 5 at 43 days after treatment discontinuation.
Population pharmacokinetics
Data from 381 patients (Japanese n=41; non-Japanese n= 340) were included in the population PK analysis. The population PK analysis was based on 3,696 data points from samples collected before administration, 2-4 h after administration, and 5-10 h after administration of regorafenib on day 15 of cycle 1. The analysis showed a similar distribution of calculated AUC over a 24-h dosing interval and AUC from the start of treatment until 24 h after the last dose for regorafenib and its M2 and M5 metabolites in the Japanese and nonJapanese subpopulations (Fig. 3 and Online Resource 1 [ Table S1 ]).
Quality of life
LS mean time-adjusted AUCs of EORTC QLQ-C30 global health status, EQ-5D health utility index, and EQ-5D VAS scores did not differ between regorafenib and placebo groups in either the Japanese or the non-Japanese subpopulation. QoL scores appeared to be similar in the regorafenib and placebo groups at baseline and at the end of treatment in both the Japanese and non-Japanese subpopulations (Table 5 ).
Discussion
CORRECT is the first randomized, controlled, phase III trial with a substantial number of Japanese patients to assess a new therapeutic agent in mCRC, with previous international phase III studies in this field including only a small number of Japanese patients or none at all. In this analysis, the primary endpoint of OS appeared similar in the Japanese and nonJapanese subpopulations, with HRs (regorafenib over placebo) of 0.81 and 0.77, respectively. Regorafenib was also associated with a greater improvement in PFS and higher DCRs than placebo, with consistent benefits in both the Japanese and the non-Japanese subpopulations.
The adverse-event profile of regorafenib in the Japanese subpopulation differed from that observed in the non-Japanese subpopulation, with a higher incidence of HFSR, hypertension, proteinuria, thrombocytopenia, and lipase elevations, and a lower incidence of diarrhea seen in the former group. The incidence of grade 3 or greater treatment-associated adverse events was higher in the Japanese than in the nonJapanese subpopulation, although serious regorafenibassociated adverse events were reported at similar rates in both subpopulations (9 vs 12 %, respectively) and no unexpected safety signals were observed in either. A higher incidence of HFSR in Japanese versus non-Japanese patients has been noted in previous clinical trials of other kinase inhibitors [11] , as has a lower incidence of treatment-related diarrhea in Japanese versus non-Japanese patients with mCRC receiving fluoropyrimidine alone or in combination with irinotecan [15, 16] . Investigation of the relationships between the incidence of regorafenib-associated adverse events and BMI or body surface area in the Japanese and non-Japanese subpopulations found no clear trends (body surface area data not shown). Previous anti-epidermal growth factor receptor or capecitabine treatment also showed no relationship with regorafenibassociated HFSR in both the Japanese and the non-Japanese subpopulations (data not shown). Further investigation is needed to clarify the reasons for the higher incidence of HFSR, as well as other differences in adverse-event profile, in the Japanese versus the non-Japanese subpopulation.
One Japanese patient developed fatal liver dysfunction associated with regorafenib treatment, with onset 43 days after starting regorafenib, and death occurring 86 days after initiation of regorafenib. Overall, elevation of ALT, AST and bilirubin levels appeared to occur more frequently in the Japanese subpopulation than in the non-Japanese subpopulation, although rates of grade 3 or greater elevations appeared generally similar between subpopulations. Frequent and careful monitoring of liver function is advisable, especially during the first two cycles of treatment, because this period is when liver-function abnormalities occurred most frequently in our study.
Corresponding to the higher rate of adverse events observed in the Japanese subpopulation than in the nonJapanese subpopulation, dose modifications due to adverse events were more frequent in the regorafenib-treated Japanese subpopulation than in the non-Japanese subpopulation (84.6 vs 51.3 %, respectively), leading to the lower mean dose intensity in the former than in the latter group (69.3 vs. 80.4 %, respectively).
Rates of treatment discontinuation because of regorafenibassociated adverse events were higher in the Japanese subpopulation than in the non-Japanese subpopulation (13.8 vs 7.4 %, respectively). This difference might be due to interpatient PK variability; however, the regorafenib dose and schedule (160 mg once daily for the first 3 weeks of each 4-week cycle) that was selected as the recommended dose for further study in phase III trials, including CORRECT [7] , was based on findings in a phase I trial in non-Japanese patients Table 3 Drug-related adverse events reported in ≥10 % of patients receiving regorafenib or placebo in the Japanese and non-Japanese subpopulations Japanese subpopulation, n (%) Non-Japanese subpopulation, n (%) (15) 1 (2) 2 (6) 1 (3) 35 (8) 9 ( (20) 42 (30) 15 (21) 5 (6) 8 ( 38 (27) 17 (23) 6 (7) 18 (21) 6 ( (11) 12 (9) 3 (4) 1 (1) 2 ( 53 (38) 18 (25) 5 (6) 5 (6) 3 ( (10) 8 (6) 5 (7) 3 (4) 3 ( 51 (36) 25 (34) 6 (7) 11 ( (18) 15 (11) 6 (8) 5 (6) 9 (10) 8 ( (13) 19 (14) 12 (16) 2 (2) 1 ( 16 (11) 6 (8) 3 (4) 6 (7) 3 ( (7) 7 (5) 7 (10) 0 3 (3) 2 (4) a Data on BMI were missing for 12 regorafenib-treated patients and six placebo recipients in the non-Japanese population [17, 18] , which was confirmed by a Japanese phase I trial [19] .
In addition, population PK analysis in the CORRECT trial showed a similar distribution of regorafenib AUC over a 24-h dosing period in the Japanese and non-Japanese subpopulations. Further investigation is warranted to confirm the reason for the differences in adverse-event profiles and treatment tolerability between Japanese and non-Japanese populations. Time-adjusted AUCs of the scores on the health-related QoL instruments appeared to be generally similar in both subpopulations, and did not differ significantly between regorafenib and placebo recipients in either subpopulation. Furthermore, differences between regorafenib and placebo were below the minimum difference in scores considered to be clinically meaningful [20, 21] . These findings indicate that, despite a higher rate of adverse events compared with placebo, regorafenib was not associated with clinically meaningful impairment of QoL in either the Japanese or the nonJapanese subpopulation.
It should be recognized that this subpopulation analysis has some limitations. Firstly, this analysis was not prespecified, although geographic differences were considered in the trial design, and geographical region was a stratification factor during randomization. Secondly, the Japanese subpopulation represents only a small proportion (n=100) of the overall patient population (n=760 total randomized patients) included in the CORRECT trial; as a result, subpopulation analyses had Table 5 Time-adjusted area under the curve (AUC) and change from baseline in health-related quality-of-life scores in Japanese and non-Japanese patients
Outcome
Japanese population Non-Japanese population n Regorafenib (n=67) n Placebo (n=33) n Regorafenib (n=438) n Placebo (n=222) insufficient statistical power for any inferential analyses,
